High resolution X-ray powder diffraction has been used to obtain the crystal structure of sideroxylin (4H-1-Benzopyran-4-one,5-hydroxy-2-(4-hydroxyphenyl)-7-methoxy-6,8-dimethyl) monohydrate, (C 18 H 16 O 5 ).H 2 O, isolated from the bioactive ethyl acetate extract of Miconia ioneura Griseb (Melastomataceae) leaves. The crystal structure was determined using direct space methodology based on the simulated annealing algorithm. Thermogravimetric analysis shows that the material dehydrates while heated from room temperature to ~150 o C.
In this study, high resolution X-ray powder diffraction and direct space methods for structure solution are applied to elucidate the crystal structure of a bioactive natural product isolated from Miconia ioneura leaves. Miconia belongs to the Melastomataceae family, comprising about 1000 species distributed around the World [1] . Compounds with analgesic [2, 3] and trypanocidal [4, 5] effects have been isolated from Miconia species, including triterpenes, flavanones, quinones and quinol compounds. Extracts from M. albicans, M. rubiginosa and M. stenostachya have shown antimicrobial effects against microorganisms such as Candida albicans [6] . The bioactive extract of M. ioneura, has shown antifungal effects against C. albicans, C. krusei, and C. guillermondi. The molecular structure of the active compound was determined by solid state FT-IR spectroscopy, solution NMR ( 1 H and 13 C) and UV spectroscopy, and was identified as sideroxylin [7] . Its previously unknown crystal structure is reported in this work from high resolution X-ray powder diffraction data analysis, whereas independent results from single crystal diffraction data (Tracanna MI et al.) have been submitted for publication.
Crystal structure determination is the ultimate resource for molecular structure confirmation required in many areas of science. Even though crystal structure solution of small molecules from single crystal X-ray diffraction is routinely carried out, the requirement of a single crystal of sufficient quality can hinder its application. In such cases, structure solution from powder diffraction data is often a viable alternative by the use of methods operating in the reciprocal space (such as the direct methods), or direct-space methods [8] [9] [10] . Directspace methods for structure determination from X-ray powder diffraction have extensive application within materials of pharmaceutical interest such as in salt and polymorph screening; however, they are less familiar in natural products research. Furthermore, a considerable number of approved drugs are actually either natural products or directly derived compounds [11] , and natural products have significant utility as sources of lead compounds [12] . However, improvements in the speed of screening, isolation and (molecular) structure elucidation are required [12] . At present often powder diffraction is able to provide crystal structure solution of small organic molecules of typical complexities [8] , and can, therefore, provide a useful complement to the more familiar NMR spectroscopy. In favorable cases, powder diffraction might be used for molecular structure confirmation (although not ab-initio determination of the absolute configuration of chiral centers, without knowledge of additional chiral atoms configurations in the material).
The sideroxylin molecule, 4H-1-benzopyran-4-one, 5-hydroxy-2-(4-hydroxyphenyl)-7-methoxy-6,8-dimethyl, C 18 O 5 H 16 (MW=312.3 a.m.u.) is shown in Figure 1 . The molecule has two torsional degrees of freedom marked with arrows, the rotation of the hydroxyphenyl substituent and the rotation of the methyl group of the methoxy substituent at positions 2 and 7 of the 1,4-benzopyrone heterocycle, respectively. Direct space structure solution requires an initial molecular model, and so a search for fragments of analogous atom connectivity was conducted in the Cambridge Structural Database [13] . This search gave rise to 3 fragments; these are JAYMUS, KUNFEE and JUBJEV. None of these fragments contains the beta-hydroxy ketone substituents present in sideroxylin. An initial molecular model was built from the coordinates of the JAYMUS fragment using the program Arguslab [14] . Then, the molecular geometry was optimized with the programs Arguslab [14] and WinMopac7 [15], using semiempirical methods and the AM1 Hamiltonian. The bond lengths and angles converged to essentially the same values using both programs. The optimized geometry shows an almost planar conformation, as well as an intramolecular hydrogen bond among the carbonyl and hydroxyl oxygen atoms of the beta-hydroxy ketone substituent. This optimized molecular geometry was used in the search of the crystal structure solution here reported.
The powder diffraction data consists of diffraction intensity vs. 2θ angle; the process of structure determination from powder data is made difficult by the overlap of nearby diffraction peaks, so that the measured intensity cannot be uniquely assigned to specific Bragg reflections. The process of crystal structure solution from powder diffraction data can be divided into: (i) determination of the lattice parameters (indexing) and the space group symmetry, (ii) structure solution (finding the atomic positions), and (iii) structure refinement.
The crystal system and lattice parameters determine the diffraction peak positions in 2θ. Indexing the powder pattern can be done with relative ease depending on the complexity of the problem under study and the quality of the diffraction pattern, and it is carried out with several indexing algorithms implemented in programs such as ITO [16] , TREOR [17] and DICVOL [18] . Space group symmetry is normally determined using the systematic absences, although raw powder data are generally less definitive than single crystal data because of the peak overlap condition; and misassignment of space groups generally becomes evident during structure solution or refinement. The atomic positions within the lattice mainly determine the relative diffraction peak intensities, which in turn are used for crystal structure determination. The direct space methods [8] [9] [10] work through the generation of a very large number of trial structures in the real (direct) space, by assigning random numbers to a set of structural parameters Γ (x m , y m , z m, φ, χ, ω, τ i ...τ n ) that define the location (by 3 molecular positions x m , y m , z m ), the orientation (by 3 Eulerian angles φ, χ, ω), and the conformation of the molecules within the lattice, with a number of molecular torsions (τ i ...τ n ) that depends on the particular problem under study. The model for which the calculated diffracted intensity best fits the experimental intensity is found by the use of global optimization algorithms, such as simulated annealing [19] . Finally, the approximate atomic positions obtained after molecular location, as well as other structural and non-structural parameters are refined using the Rietveld method [20] , through which the least squares method is used to calculated the shifts in defined variable parameters that minimize the difference between the experimental and calculated intensities of the powder pattern at each 2θ step.
For the particular case of sideroxylin monohydrate, the powder diffraction pattern was indexed with the program ITO [16] (M=25.9), and the estimated density of 1.3 g/cm 3 suggested Z=4. The space group P2 1 /a was suggested by the observed systematic absences. The extraction of integrated intensities from the powder pattern (a set of squared F ob s for structure determination) was achieved through the Le Bail method [21] , using the program GSAS [22] . The best Le Bail fit had R wp =4.79% and χ 2 =1.14 and it was used to obtain the structure solution here informed.
The program PSSP (Stephens P.W. et al, unpublished results) was used for the structure solution step. This program uses the simulated annealing global optimization algorithm and a set of powder integrated intensities of the diffraction peaks obtained from a Le Bail fit [21] . Additional details regarding the cost function that makes it possible to rank the trial solutions regarding their fit to the experimental intensities are reported elsewhere [23] .
One molecule in the general position of P2 1 /a composing the asymmetric unit was tried for structure solution. The number of simulated annealing trial models per temperature value was 25,000 and the initial temperature, decrement factor and final temperature were 50, 0.8 and 0.001, respectively and the first 300 Bragg peaks were used for structure solution. The best S factor obtained, without hydrogen atoms in the methyl groups and 8 parameters in the simulated annealing search was S=0. 119 . A Rietveld refinement of this structural model was undertaken with the program GSAS [22] , and the results are shown in figure 2 . The agreement factor values obtained were R wp =10.14%, R I =10.96% and χ 2 =5.1.
While promising, this refinement was not regarded as a satisfactory structure solution. A Fourier difference map, calculated with the program GSAS [22] , revealed extrema of -0.549 and +0.675 e -/Å 3 . The peak difference is in a "tunnel" of the structure, and therefore a plausible place for water of hydration. Introducing an oxygen atom at that location, we obtained a significantly better Rietveld fit (methyl and hydroxyl H not included) Analysis of the X-ray powder diffraction pattern indicated a 1:1 sideroxylin: water stoichiometry. Several PSSP runs were undertaken, including one water molecule per unit cell, and in general the simulated annealing method could efficiently find the water molecule.
Thermogravimetric analysis (TGA) carried out on another batch of the same material showed a mass loss of 4.25% (theoretical value for a monohydrate 5.45%) from room temperature up to ~150 o C, in agreement with a hydrated structure (Figure 3) . The discrepancy between the experimental and theoretical mass losses are tentatively assigned to intrinsic lower accuracy of the thermogravimetric method due to experimental variables affecting the TGA curve, such as heating rate, atmosphere and powder particle size [24] .
A Rietveld refinement of a structure solution with S=0.015 is reported in this work. The refinement of the atomic positions was subjected to distance and angle restraints. Two rigid bodies were used to describe the 5-hydroxy-6,8-dimethyl-7-methoxy-1,4-benzopyrone and 4-hydroxyphenyl fragments, respectively. The hydrogen atom positions were calculated with the program WinGx [25] , and all We note that a positive-definite set of anisotropic displacement parameters could be found for the water oxygen. The O hydroxyl -O water distance found was 3.03(3) Å, a rather large value for hydroxyl-water hydrogen bonded oxygens (median 2.753 [13] ).
The position and size of the water oxygen in the room temperature structure suggested that the water molecules are disordered in more than one site in the tunnels along the c-axis (see figure 5) , which seems reasonable given the approximate cross-sectional tunnel dimensions of 4.15 (2) (methoxy O7 i -O7 ii ) and 5.97(2) (hydroxyl O4'
iii -O4' iv ).
Since the principal interest of this work was to confirm the molecular structure of sideroxylin from the analysis of the powder pattern, and additional experimental measurements are required in order to unequivocally model the room temperature water disorder, a precise description of the water hydrogen bonding in the tunnel from powder data was not further attempted.
The final atomic coordinates, thermal and occupancy factors, will be deposited in the Cambridge Structural Database. The standard uncertainties from the leastsquares fit in the program GSAS [22] were scaled according to the procedure described by Scott to provide more realistic error estimates [26] .
As noted in the introduction, this work was performed at the same time as the structure determination of a single crystal of the same material at 150K in P2 1 /c (Tracanna M.I. et al., submitted for publication).
The solution and refinement of the room temperature structure from powder data was carried out independently of the single crystal data analysis, which affords the opportunity to compare the two solutions with an eye toward judging the reliability of powder techniques for samples of this sort. The equivalency of the molecular packing in both solutions is immediately seen. However, several sources of discrepancy between powder and single crystal results are noted: (i) the lattice volume increase with temperature increase, (ii) probable water disorder at room temperature, (iii) small bond length and angle differences between the calculated molecular geometry used in the powder data analysis and the one from the single crystal experiment, and (iv) the intrinsic larger inaccuracy of the Rietveldrefined parameters.
After both solutions have been transformed into a Cartesian coordinate system, we found that the average difference in atomic position was 0.106 Å and the largest difference was 0.233 Å, corresponding to the water of hydration (likely accounted in a substantial part for a change in the structure), whereas the maximum bond length difference was 0.049 Å (C3-C4). The differences are somewhat larger than the corrected standard uncertainties ascribed to the results, which suggests that they may still be an underestimate of the true experimental errors.
Experimental

General:
The diffraction pattern of sideroxylin (4H-1-Benzopyran-4-one,5-hydroxy-2-(4-hydroxyphenyl)-7-methoxy-6,8-dimethyl) monohydrate was collected at room temperature at the X16C beamline, N.S.L.S., Brookhaven National Laboratory. The sample was sealed in a 1.5 mm diameter glass capillary. The wavelength 0.70034 Å was selected with a Si(111) double monochromator and it was calibrated using an Al 2 O 3 plate NIST standard reference material. The incident radiation was monitored with an ion chamber, whereas the diffracted X-ray intensity was measured with a NaI(Tl) scintillation detector. The vertical resolution of the diffractometer was determined by a Ge(111) analyzer crystal, whereas the horizontal resolution was given by slits. The powder diffraction pattern was collected in the o 2θ range, at 0.005 o steps, using a counting time of 5 seconds per step for 2θ 3- C2-C1'-C6' 120.5(6) C2-C3-C4 122.0 (7) C3'-C4'-C5' 120.8(6) O5-C5-C10 124.0 (7) C2'-C3'-C4' 119.1(6) C6-C7-C8 122.5 (6) C2-C1'-C2' 119.9(6) C5-C10-C9 117.7 (6) C2'-C1'-C6' 119.6(6) C3-C4-C10 115.1 (6) O4'-C4'-C3' 116.7(8) C6-C5-C10 121.4 (5) C1'-C2'-C3' 120.6(6) O7-C7-C6 119.6(7)
O4'-C4'-C5' 122.5(8) C7-C8-C9 117.2 (6) C4'-C5'-C6' 119.4(7) O4-C4-C10 123.3 (6) C1'-C6'-C5' 120.5(6) C5-C6-C7 118.4 (5) C1'-C2-C3 125.2(8) C9-C8-C13 120.9 (6) C7-O7-C12 113.5 (6) *CCDC contains the supplementary crystallographic data for this paper. 2 O fraction, which was then extracted with chloroform. The solvent was evaporated at room temperature and 45 mg of sideroxylin monohydrate was isolated as a precipitated, light yellow, microcrystalline solid. The solid was then washed three times with benzene.
